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Description 

Tlie present invention is directed to a new vaccine composition for canine distemper virus. It is aiso 
directed to a metliod for inactivating canine distemper vims, sucli tliat the virus while inactivated, 
5 nevertheless substantially retains its immunogenicity. 

Canine distemper is one of the most serious viral diseases of dogs. The disease is highly contagious 
and is characterized by severe morbidity and high mortality. Modified live canine distemper virus vaccines 
are currently available In the United States. They do provide protective immunity to distemper, but such 
vaccines may revert to virulence, may cause immunosupression following vaccination, and have been 
10 shown to cause mortality in non-canine species. There is therefore a real need for an efficacious, inactivated 
canine distemper virus vaccine, which eliminates the serious problems associated with modified live canine 
distemper virus vaccines. 

J. Clin. Microbiol.. 11(1980) pages 120-122 and Arch. Virol., 47(1975) pages 47-56 respectively 
describe the use of binary ethyleneimine as an inactivant for foot-and-mouth disease virus and rabies virus 
75 with a view to vaccine production. 

An object of the present invention is to develop an inactivated canine distemper virus vaccine which 
substantially eliminates the serious problems, and risks, associated with modified live canine distemper 
virus vaccines. 

According to the present invention there is provided a vaccine composition for animals susceptible to 

20 infection by canine distemF)er virus (CDV), said composition comprising an immunologically effective 
amount of an inactivated canine distemper virus obtainable by an inactivation procedure which allows the 
virus to retain its immunogenicity and a non-toxic pharmaceutically acceptable immunologic adjuvant, 
characterized in that the inactivation procedure comprises exposure of the virus to an inactivating effective 
amount of binary ethyleneimine. 

25 Also according to the present invention there is provided a process of inactivating canine distemper 
virus which allows the virus to substantially retain its immunogenicity. comprising exposing the virus to an 
inactivating effective amount of binary ethyleneimine at a temperature ranging from -10 * C to 40* C for a 
time sufficient to render the virus non-infectious. 

In this invention, inactivated vaccines are manufactured for the protection of mammalian species, in 

JO particular the canine, from severe clinical signs and mortality resulting from infection with canine distemper 
virus (CDV). The vaccines are inactivated by the addition of binary ethyleneimine to virus fluids. The 
resulting inactivated virus preparation may be stored until used for vaccination. 

Any strain of CDV may be inactivated for use in this invention. Of particular interest is the Rockbom 
strain, but other strains such as Snyder- Hill, Onderstepoort, etc. may be used. 

35 In preparing the vaccine, virulent CDV is grown in cultured mammalian cells in conventional virus 
growth conditions. Examples of cells used are the DKF (dog kidney) cell line, and tertiary canine kidney 
cells. The host cells may be seeded with virus at the time of cell planting, or with a CDV-containing media 
change when the cell monolayer is 90-100% confluent. The multiplicity of infection (MCI) ratio may be from 
about 0.001 to about 0.05, preferably about 0.01. Any appropriate mammalian cell growth medium, such as 

40 Eagle's Minimum Essential Medium, containing bovine serum at from 0-10%, and antibiotics, is used to 
produce the viral fluids. 

Infected cell cultures are maintained in a temperature range of from about 35 • C to about 40 • C for from 
2 to about 7 days post seeding at which time virus-containing fluids are harvested. The CDV infected 
cultures may be refed with cell growth medium, which may be harvested after an additional 2 to 5 days 
45 incubation- Virus fluids are harvested into sterile containers and may be clarified by filtration. The virus 
fluids may further be concentrated, either prior to or post inactivation, using conventional ultrafiltration 
technology (e.g. Millipore Pellicon system XX42ASY60 with a cassette having a normal exclusion limit of 
10^ daltons such as Millipore PTHK000C5). 'Millipore' is a Registered Trade Mark. 

The virulent canine distemper virus after harvest is ready for inactivation. The inactivation must be by a 
50 technique which destroys the virus* ability to replicate, but at the same time does not destroy the 
immunological activity of the inactivated virus. Heretofore there never has been a successful inactivated 
canine distemper virus vaccine. In this invention there is provided a virus which is both inactivated and at 
the same time retains immunogenicity. 

As used herein, the term "inactivated" refers to previously virulent virus which have undergone 
55 treatment to inactivate, kill, or otherwise modify them to substantially eliminate their virulent properties while 
yet retaining their characteristic property of immunogenicity. 

In accordance with this invention, the technique for inactivating and retaining immunogencity comprises 
inactivating CDV fluids with binary ethyleneimine (BEI). BEI is prepared by adding 1.0 N sodium hydroxide 
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to a 5% solution of bromoethylamine hydrobromide followed by incubation at, for example, about 37 • C for 
60 minutes. The resulting BEI inactivant is added to virus fluids to a final concentration of from about 0.005 
to about 0.01 molar. The inactivating virus fluids are incubated at from about 4*C to about 38 *C for an 
Interval of from about 24 to about 72 hours. The BEI is subsequently neutralized, for example, by the 

5 addition of a 50% solution of sodium thiosulfate in sufficient quantity to equal ten times the molarity of the 
BEI. It should be understood that the above specific technique for inactivation for binary ethylenelmine is 
exemplary only. That Is. there may be some modifications in concentrations, temperature ranges, etc. such 
that the inactivation is still effectively accomplished. Generally speaking, the temperature range during the 
binary ethylenelmine inactivation should be from about -10*C to about 40* C. 

10 In preparation of the vaccine, the Inactivated collected canine distemper virus is mixed with a nontoxic 
pharmaceutically acceptable immunologic adjuvant such as Freund's complete adjuvant, aluminum hydrox- 
ide or oil-in-water or water-in-oil adjuvants. Also, lnterleukin-1 , or other immuno-enhancing substances may 
be used. Preparation of the vaccine entails mixing the inactivated virus fluids with an adjuvant. The amount 
of virus per dose of vaccine is equivalent to from approximately 10* to 10^ 50% cell culture infective doses 

15 per ml (CCIDso/ml). In addition, other viruses or bacteria may be included such as, but not limited to, canine 
adenovirus type 2, canine parainfluenzae virus, canine parvovirus, Leptospira canicola and Leptospira 
Icterohaemorrhaglae . The vaccine may be administered subcutaneously or intramuscularly. The vaccine 
Inoculation volume will range frorh about 0.5 ml to 4 ml. Normally 2 injections are given at from 1 to 3 week 
intervals. 

20 Preferably the dosage of the Inactivated canine distemper virus is from about 10* to about 10^ 
CCIDso/ml, that is, cell culture infective dose/ml. More preferably, within the range of from about 10^ to 
about 10^ CClDso/ml and most preferably within the range of about 10^^ to about 10^ ^ CCIDso/ml. 

By way of information there is now illustrated how the canine distemper virus was grown and assayed. 

25 A. Production of Virus and Tissue Culture 

Canine cells (DKF), a dog kidney cell line, or (DK) tertiary dog kidney cells are grown as monolayers in 
plastic cell culture vessels In Eagle's Minimum Essential Medium with Eari's salts and non-essential amino 
acids (MEN) supplemented with 5% heat inactivated fetal bovine serum or 5% heat inactivated calf serum. 

30 Cell cultures are used to produce live CDV from master seed virus. Cells are grown in culture vessels to 
80% to 100% confluency (approximately 2 x 10^ cells per cm^ of growth surface area) using standard 
mammalin cell culture techniques. Generally, plastic roller bottles (e.g. Corning® No. 25140-850) with a 
growth surface area of 850 cm^ containing 100 ml of MEN supplemented with 5% fetal fcxDvine serum and 1 
X 10^ to 2 X 10^ cells/bottle are used for virus production although other permissive cells, other culture 

35 vessels, other culture media or other supplements may be used. The cell cultures are Initiated by seeding 
approximately 1 x 10^ to 2 x 10^ cells into 100 ml of growth medium in a roller bottle on a roller bottle 
rotator at 0.25 to 2 rpm at 35* to 38 *G. The cultures are grown to 80% to 100% confluency over a seven 
to ten day period with a medium change every three to five days. 

When the monolayers are 80% to 100% confluent the culture medium is removed. Two hundred ml of 

40 MEN supplemented witii 0.5% lactalbumin hydrolysate (e.g. GIBCO® 670-1800) is added per roller bottle. 
Monolayers are infected with 10^ to 10^ CCID50 of CDV per roller bottle. The multiplicity of infection (MOI) 
is approximately 0.01. The MOI may range from 0.001 to 0.05. The post-infection incubation is at 35* to 
38 • C with rotation. Two to five days post-infection, CDV cytopathic effect (CPE) is evident. Two days post- 
infection, the CPE is characterized by the appearance 0I some vacuolated cells and some multi-nucleated 

45 giant cells. On day five post-infetion, giant cells are more numerous. On day five post-infection, the medium 
containing virus is harvested from the roller bottle/ The roller botttle is fed 200 ml fresh MEN supplemented 
with 0.5% LAH and incubated at 35* to 38 *C with rotation for an additional three days. During the six to 
eight day post-infection period, the CPE progresses to the point that many cells are shed into the medium. 
By day eight post-infection, 50% to 90% CPE is evident. On day eight post-infection, the medium 

50 containing virus is harvested. 

The virus preparation may be concentrated by ultra-filtration using a Pellicon cassette system (Millipore 
XX42ASY60) with a cassette having a nominal exclusion of 10^ daltons (Millipore PTHK000C5). The 
Pellicon, cassette system is sterilized by filling the assembled unit with 1 N NaOH and incubating the unit 
12 to 14 hours at room temperature. The NaOH solution is pumped out of the cassette system and the 

55 system is flushed with two to four liters of sterile H2O. The assembly and operation of the Pellicon system 
are in accordance with the instruction furnished by the manufacturer. All steps in the concentration are 
performed aseptically. 
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B. Virus Assay 

Ten-fold serial dilutions of a virus sample are made by adding 0.1 ml of the virus sample to 0.9 ml of 
MEN supplemented with 5% F^. Eight chamber Lab-Tek slides are seeded with 0.4 ml/chamber of DKF cells 

5 at 1.5 X 105 cells/ml in MEN supplemented with 5% P (approximately 6 x 10* cells/chamber). Immediately 
following seeding of cells, 0.1 ml aliquots of each serial dilution are added to each of five chambers. The 
slides are incubated at 35* to 38*C in 5% CO2 in air for six days. On day six. remove the medium, plastic 
chamber and gasket from the slide. Rinse slides once In PBS, fix in acetone at -20*0 for 20 minutes and 
air dry. Anti-CDV FITC conjugate (0.1 ml) is placed on each slide and a coverslip is placed on the 

70 monolayer to spread the conjugate over the entire cell sheet. Slides are incubated in a high humidity 
Incubator for 30 minutes at 35* to 37 "C. Coverslips are removed in 3x3 minute rinses in PBS at room 
temperature. Slides are counter stained for 90 seconds in Evans blue, rinsed twice for 3 minutes in PBS, 
rinsed in distilled water and placed in a modified X-ray dryer until dry. Coverslips are mounted on slides 
using mounting fluid (80% glycerol in PBS, v/v). Cells are examined for fluorescence tyical of CDV which 

75 constitutes a positive response. End point is calculated by the method of Reed and Muench. 

The following examples are offered to further illustrate but not limit both the composition of the 
invention, the method of preparation of the composition of the invention, and the method of use of the 
composition of the invention to Immunize mammals against canine distemper virus. 

20 Example 1 

BEI Inactivation 

A 0.2 molar solution of bromoethylamine hydrobomide (BEA) is prepared by dissolving 3.55 grams in 
25 71 ml distilled water. 56.8 ml of BEA solution Is added to 14.2 ml 1.0 normal sodium hydroxide solution. 
Binary ethyleneimine (BEI) is formed by incubating the above mixture for 1 hour at 36 'C. 1343 ml of 
harvested canine distemper virus fluids are brought to 37 'C. to which the BEI solution Is added while the 
suspension is stirred. The inactivation is continued by incubation at 37" for 28 hours. The BEI Is then 
neutralized by the addition of 46.2 ml of a 50% solution of sodium thiosulfate. 
30 To confirm complete viral inactivation two ml of the inactivated virus fluids are tested for the presence 
of residual live virus by inoculation onto a 150 cm^ monolayer of dog kidney cells. Inoculated cells are 
incubated for 7 days, then are subpassaged. If cytopathic. effects due to CDV infection are not observed 
during the first or second In vitro passages, it is concluded virus fluids do not contain residual live CDV. 

35 Example 2 

Testing of Immunological Response 

Binary ethyleneimine inactivated CD virus of the preferred Rockborn strain was used to formulate 
40 vaccine with adjuvant B. The binary ethyleneimine inactivation procedure was performed as described in 
Example 1. 

Five dogs, (CDV sero-negative) identified as numbers 29, 65, 68, 71 and 72, were vaccinated twice at a 
21 -day interval with a 1.0 ml dose of BEI-inactivated CDV vaccine containing 10* ® CCIDso of the Rockborn 
strain of CDV and 50% Adjuvant B. Serum was collected for serologic evaluation at the time of Inoculations 
45 and at 14 days following the second vaccination. 

In vitro virus neutralization of CDV by sera collected was examined using a 50% plaque reduction test 
(Table 1). Positive and negative control sera behaved as expected. 



50 
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Table 1 



10 



VIRUS NEUTRALIZATION DATA FROM DOGS VACCINATED WITH BEI-INACTIVATED CDV 


Animal # 


Antibody Response Day of Test 


0 


21 


35 


29 


<4 


18 


162 


65 


<4 


<4 


54 


68 


<4 


18 


54 


71 


<4 


2 


54 


72 


<4 


18 


54 



15 



20 



25 



30 



Table 1 shows anti-canine distemper serum neutralizing antibody as detemnined by a constant 
virus/serum dilution in vitro neutralization test. This is a conventional procedure and for details concerning it. 
see Ross and Friedman's Manual of Clinical Immunology . Table 1 provides the antibody titers from the five 
vaccinated dogs and demonstrates successful immunization. 

The above methods for viral inactivation. and testing of immunological response demonstrates both 
preparation and successful use of the canine distemper vaccine of this invention. It also represents the first 
ever efficacious successful inactivated canine distemper vaccine. It therefore can be seen that the invention 
accomplishes at least all of its stated objectives. 

In a co-pending application, EP-A-0 506 147, which has been divided out of the present invention, there 
is disclosed a vaccine composition for animals susceptible to infection by canine distemper virus (CDV), 
said composition comprising an immunologically effective amount of an Inactivated canine distemper virus 
which, although inactivated, retains its immunogenicity and a non-toxic pharmaceutically acceptable im- 
munologic adjuvant, characterized in that the canine distemper virus is inactivated by an inactivation 
procedure comprising exposing the virus to an inactivating effective amount of long wave length ultraviolet 
light, ultraviolet radiation or gamma radiation in the presence of a furocoumarin. There is also disclosed a 
method for preparing such virus and the use of such compositions for protecting mammals from infection 
caused by canine distemper virus. 



Claims 
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1. A vaccine composition for animals susceptible to infection by canine distemper virus (CDV), said 
composition comprising an immunologically effective amount of an Inactivated canine distemper virus 
obtainable by an inactivation procedure which allows the virus to retain its immunogenicity and a non- 
toxic pharmaceutically acceptable immunologic adjuvant, characterized in that the inactivation proce- 
dure comprises exposure of the virus to an inactivating effective amount of binary ethyleneimine. 

2. A vaccine composition according to claim 1. characterized in that the amount of the inactivated canine 
distemper virus Is from 10* to 10^ CCIDso/ml. 



45 



3. A vaccine composition according to claim 2, characterized in that the amount of the virus is from 10^ to 
1(F CClDso/mL 

4. A vaccine composition according to claim 3, characterized in that the amount of the virus is from 10^ ® 
to 10®'2 CCIDso/ml. 



50 



5. A vaccine composition according to any preceding claim, characterized in that the adjuvant comprises 
Freund's complete adjuvant, aluminum hydroxide or oil-in-water or water-in-oil adjuvants. 



A vaccine composition according to any preceding claim, characterized in that the canine distemper 
virus is the Rockborn, Snyder-Hill or Onderstepoort strain. 



55 



A process of inactivating canine distemper virus which allows the virus to substantially retain its 
immunogenicity. comprising exposing the virus to an inactivating effective amount of binary 
ethyleneimine at a temperature ranging from -10 • C to 40' C for a time sufficient to render the virus 
non-infectious. 
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8. A process according to claim 7, characterized in that the canine distemper virus is grown in cultured 
mammalian host cells prior to inactivation. 

9. The use of a vaccine composition according to any of claims 1 to 6 for the manufacture of a 
5 medicament for protecting mammals from infection caused by canine distemper virus. 

Patentanspruche 

1. Impfstoffzusammensetzung fur Tiere, die anfallig sind gegen eine Infektion mit dem Hundestaupevirus 
10 (CDV), wobei diese Zusammensetzung eine immunologisch wirksame Menge eines inaktivierten Hun- 
destaupevirus enthalt, erhaltlich durch ein Inaktivierungsverfahren, das es eriaubt, daB der Virus seine 
Immunitat erzeugende Eigenschaft behalt, sowie einen nicht toxischen pharmazeutisch vertraglichen 
immunologischen Hilfsstoff enthalt, 

dadurch gekennzeichnet, daB das Inaktiviemngsverfahren die Einwirkung einer fQr die Inaktivierung 
75 wirksamen IVlenge eines blnSren Ethylenimins auf den Virus umfaBt. 

2. Impfstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daB die Menge an inaktiviertem 
Hundestaupevirus zwlschen 10* und 10^ CCIDso/ml betragt. 

20 3. Impfstoffzusammensetzung nach Anspruch 2, dadurch gekennzeichnet. daB die Menge des Virus von 
10= bis 10^ CCIDso/ml betrSgt. 

4. Impfstoffzusammensetzung nach Anspruch 3, dadurch gekennzeichnet, daB die Menge des Virus 
zwischen lO^® und ^0^'^ CCIDso/ml betrSgt. 

25 

5. Impfstoffzusammensetzung gemaB einem der vorhergehenden AnsprUche, dadurch gekennzeichnet, 
daB der Hilfsstoff einen vollstandigen Hilfsstoff nach Freund umfaBt, Aluminiumhydroxid oder Ol-in- 
Wasser oder Wasser-in-5l Hilfsstoffe. 

30 6. Impfstoffzusammensetzung gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, 
dafi der Hundestaupevirus ein solcher vom Rockbom-, Snyder-Hill- oder Onderstepoorttypus ist. 

7. Verfahren zur Inaktivierung von Hundestaupevirus, das es erlaubt, daB der Virus im wesentlichen seine 
Immunitat erzeugende Eigenschaft behalt, umfassend die Einwirkung einer fur die Inaktivierung 

35 wirksamen Menge eines binaren Ethylenimins auf den Virus bei einer Temperatur im Bereich von - 
10* C bis 40 ' C fOr eine Zeitdauer, die ausreicht, um den Virus nicht Infektids werden zu lassen. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB der Hundestaupevirus in kultivlerten Sauge- 
tierwirtszellen aufgezogen wird, bevor die Inaktivierung erfolgt. 

40 

9. Verwendung einer Impfstoffzusammensetzung gemaB einem der Anspruche 1 bis 6 fur die Herstellung 
eines Medikaments fur den Schutz von Saugetieren gegen Infektion mit Hundestaupevirus. 

Revendicatlons 

45 

1. line composition de vaccin pour des animaux sensibles h I'infection par le virus de la maladie de 
Carr^. cette composition comprenant une quantity immunologiquement efficace d'un virus de la 
maladie de Carre inactive obtenu par une methode d'inactlvation permettant au virus de conserver son 
immunogenicite et un adjuvant immunologique non toxique pharmaceutiquement acceptable, caracteri- 

50 see en ce que la methode d'inactivation consiste a exposer le virus a une quantite inactivante efficace 
d'ethyleneimine binaire. 

2. Une composition de vaccin selon la revendication 1 , caracterisee en ce que la quantite du virus de la 
maladie de Can6 inactive est comprise entre 10* et 10^ DlCCso/ml. 

55 

a Une composition de vaccin selon la revendication 2, caracterisee en ce que la quantity du virus est 
comprise entre 10^ et 10' DICCso/ml. 
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Une composition de vaccin selon la revendlcation 3, caract^risee en ce que la quantite du viais est 
comprise entre 10^*^ et 10®'^ DICCso/ml. 

Une composition de vaccin selon Tune ou Tautre des revendications qui pr^c^dent, caract^ris^e en ce 
que Tadjuvant comprend un adjuvant complet de Freund, de Thydroxyde d'aluminlum ou des adjuvants 
h base d'huile dans I'eau ou d*eau dans I'huile. 

Une composition de vaccin selon Tune ou I'autre des revendications qui precedent, caractiris^e en ce 
que le virus de la maladie de Carre est la souche de Rockborn, de Snyder-Hill ou d'Onderstepoort. 

Un procede d'inactivation du virus de la maladie de Carre, qui permet au virus de conserver la quasi- 
totalite de son immunogenicite, consistant a exposer le virus a une quantite inactivante efficace 
d*4thyleneimine binaire a une temperature comprise entre -10*C et 40*C pendant un temps suffisant 
pour rendre le virus non infectieux. 

Un proc6d6 selon ia revendication 7. caract^ris^ en ce que le virus de la maladie de Carrd se 
developpe dans des cellules-hotes de mammifere cuttivees avant rinactivation. 

Uutilisatlon d'une composition de vaccin selon Tune ou I'autre des revendications 1 a 6 pour la 
fabrication d*un medicament destine a proteger des mammiferes de Tinfection provoquee par te virus 
de la maladie de Carr6. 
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